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Abstract 

T. vaginalis infection (trichomoniasis) is the most common curable sexually transmitted infection (STI) in the U.S. It is 
associated with increased HIV risk and adverse pregnancy outcomes. Trichomoniasis surveillance data do not exist for either 
national or local populations. The Monitoring STIs Survey Program (MSSP) collected survey data and specimens which were 
tested using nucleic acid amplification tests to monitor trichomoniasis and other STIs in 2006-09 among a probability 
sample of young adults (N = 2,936) in Baltimore, Maryland — an urban area with high rates of reported STIs. The estimated 
prevalence of trichomoniasis was 7.5% (95% CI 6.3, 9.1) in the overall population and 16.1% (95% CI 13.0, 19.8) among Black 
women. The overwhelming majority of infected men (98.5%) and women (73.3%) were asymptomatic. Infections were more 
common in both women (OR = 3.6, 95% CI 1.6, 8.2) and men (OR = 9.0, 95% CI 1.8, 44.3) with concurrent chlamydial 
infection. Trichomoniasis did not vary significantly by age for either men or women. Women with two or more partners in 
the past year and women with a history of personal or partner incarceration were more likely to have an infection. Overall, 
these results suggest that routine T vaginalis screening in populations at elevated risk of infection should be considered. 
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Introduction 

Trichomotias vaginalis is the most common cause of curable 
sexually transmitted infection (STI) in the United States [1,2]. 
Untreated trichomoniasis is associated with pelvic inflammatory 
disease, low birth weight, preterm delivery, and increased 
susceptibility to HIV [3-6]. Comorbidity with other STIs is 
commonly observed [7-8] . Despite increasing recognition of the 
harmful health effects of trichomoniasis [9] , many infections go 
undetected because symptoms are often mild or absent [10]. 
However, the burden of disease is largely unknown as national 
surveillance data are not available for trichomoniasis. 

Until recendy, most studies of trichomoniasis were confined 
primarily to specialized or clinic populations which do not 
adequately characterize the incidence or prevalence in the 
population at large. Clinical detection of trichomoniasis tradition- 
ally has relied upon diagnostic techniques with relatively low 
sensitivity, such as wet mount or culture. The availability of 
sensitive molecular diagnostics, e.g., transcription mediated 
amplification (TMA) and polymerase chain reaction (PCR), 



expanded opportunities for detection of trichomoniasis within 
broad populations. Using a urine-based PCR, the trichomoniasis 
prevalence was 2.3% (95% CI 1.8, 2.7) in the 2001-2002 National 
Longitudinal Study of Adolescent Health (Add Health), a cohort of 
18 to 26 year-olds who were U.S. students in grades 7 through 12 
in 1994-95 [1 1]. In the 2001-2004 National Health and Nutrition 
Examination Survey (NHANES), the prevalence of trichomoniasis 
was 3.1% (95% CI 2.3, 4.3) of U.S. women aged 14 to 49 years 
based on PCR of vaginal swabs [12]. Both surveys reported few 
symptoms among those infected and estimated substantially higher 
prevalence of infection among Black women (Add Health: 10.5%, 
95% CI 8.3, 13.3; NHANES: 13.3%, 95% CI 10.0, 17.7). 

While these two surveys provide important data on national 
prevalence of trichomoniasis, information on the local epidemiol- 
ogy of these infections is sparse. STI epidemics are local 
phenomena, evolving within communities. National estimates of 
prevalence obscure variations that arise in subpopulations due to 
local differences in behavior patterns, sexual networking, screening 
and case-management. In this paper, we report trichomoniasis 
prevalence and associated demographic and behavioral charac- 
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teristics from the 2006-2009 Monitoring STIs Survey Program 
(MSSP). The MSSP was designed to monitor the epidemiology of 
sexually transmitted infections across a three-year period among 
adolescents and young adults residing in Baltimore, Maryland - a 
metropolitan area with both a historically high incidence of 
diagnosed STIs based on reports to public health authorities and a 
high prevalence of undiagnosed STIs based on evidence from past 
population surveys [13-14]. 

Methods 

Study sample 

The MSSP collected telephone survey data and biospecimens 
for continuous monitoring of three STIs - gonorrhea, chlamydial 
infection, and trichomoniasis - among probability samples of 
adolescents and young adults residing in Baltimore, MD. 
Recruitment for the MSSP began in September 2006 and ended 
in June 2009. A stratified, list-assisted, probability sampling design 
was used to maximize sample efficiency in identifying our target 
population of English-speaking males and females between 15 and 
35 years of age residing in Baltimore households with landline 
telephones. Over the course of the survey, we estimate that 
approximately 15% of Baltimore households did not have a 
landline telephone (see Text SI). 

In this design, all households with a landline telephone had a 
known probability of selection into the sample. Our probability 
sample included four strata. We sampled the first three strata using 
commercially-available, regularly updated information on Balti- 
more households [15]. These strata include (1) households believed 
to contain someone aged 15-35 years, (2) households with no one 
aged 15-35, and (3) households with residents of unknown age. 
The fourth stratum was constructed by selecting all known 
landline telephone numbers in Baltimore, and removing numbers 
on the original commercial list. Inclusion of this fourth stratum 
ensures that the probability sample includes all households with 
landline telephones, and that each telephone number is in one and 
only one stratum. Errors in list-sample information (e.g., 
households that were erroneously thought to have a resident aged 
15 to 35) were eliminated during survey screening. 

Survey execution 

All sampled households with a known address were sent a lead 
letter describing the study. Interview staff at the University of 
Massachusetts, Boston conducted telephone screening and re- 
cruitment. Household screening was completed with an adult (18 
years of age or older) household member. In screened residences 
with more than one person aged 15 to 35 years, one member was 
probabilistically selected (see Text S2). 

Minors (<18 years of age) were recruited with parental 
permission. Parents were informed that their child's survey and 
test results were confidential and that they would not be shared 
with parents. 

T-ACASI interview 

After obtaining informed consent for the survey interview, 
interviewers transferred respondents to a T-ACASI system [16- 
17]. T-ACASI increases reporting of sensitive and stigmatized 
behaviors compared to traditional telephone surveys conducted by 
human interviewers [18-21]. The survey included questions on 
respondents' demographic characteristics, sexual behaviors, pre- 
vious STIs, and other health behaviors and took 13 minutes on 
average to complete. Respondents were compensated $10 to $20 
for completing the interview [22]. 



Specimen collection 

Upon completion of the survey interview, respondents were 
invited to participate in the STI-testing phase of the study. 
Participants were informed that they would be re-contacted for a 
positive gonorrhea or chlamydial infection result and that, as 
required by law, names and contact information of persons who 
tested positive would be reported to the local health department. 
Since at the time the study was initiated the trichomoniasis assay 
had not been evaluated or cleared by the FDA, participants were 
informed that they would not be re-contacted regarding their 
trichomoniasis results [23-24]. During year two of the study — 
following further testing and validation of the test assay by the 
study's laboratory — the study protocol was amended. During the 
consent process under the amended protocol, all participants were 
informed that they would be re-contacted for positive trichomo- 
niasis, gonorrhea, and/or chlamydial infection test result and 
referred to one of Baltimore's local public health clinics or their 
own private physician for repeat testing and/ or presumptive 
therapy. (These amended procedures were reviewed and approved 
by all four IRBs and described in the informed consent documents 
that were signed by all participants recruited under the amended 
protocol.) 

Participants who agreed to provide a biospecimen for STI 
testing were mailed a collection kit with instructions, a consent 
form, and monetary compensation for completing the telephone 
survey. Most specimens were urine; a small number of women in 
2009 (n = 46) provided self-collected vaginal swabs in addition to 
urine specimens. Specimens were collected in containers with 
DNA/RNA Protect™ (Sierra Diagnostics, Sonora, CA), designed 
to prevent nucleic acid degradation for 7—10 days without 
refrigeration. Participants mailed specimens in pre-addressed 
postage-paid shipping cartons to the University of North 
Carolina-Chapel Hill (UNC) Hospitals' McLendon Clinical 
Laboratories via U.S. Postal Service first class mail. Only 
specimens submitted with a signed consent form were tested. 
Participants received $40 to $100 US dollars for mailing in the 
specimen. (Payments for survey participation and specimens were 
increased over the course of the study in order to increase the 
survey response rate and return of specimens for STI testing. The 
incentive for respondents who agreed to provide a specimen but 
failed to mail-in their specimen after repeated reminders was 
increased from $40 to $100 in a final attempt to obtain a specimen. 
See Text S3 for additional details.) 

Laboratory testing 

Specimen handling. Urine specimens (2 mL) were trans- 
ferred to APTIMA Combo 2 Assay urine specimen transport tubes 
(Gen-Probe, Inc., San Diego, CA) upon receipt at the UNC 
Hospitals laboratory. T vaginalis nucleic acids were detected by 
transcription-mediated amplification (TMA) using Gen-Probe 
analyte-specific reagents (TV ASR) using interpretive criteria 
previously established with vaginal swabs [25]. TV ASR TMA 
results < 10 000 relative light units (RLU) were considered 
negative, and specimens with a 30 000 RLU were considered 
positive. Results from 10 000 to <30 000 RLU were considered 
equivocal, and specimens were retested. Initially equivocal 
specimens with repeat test results <10 000 RLU were considered 
negative; those with repeat results &10 000 RLU were considered 
positive. Trichomoniasis was defined as a repeatedly positive test 
result. Using these interpretive criteria, TV ASR is 98.2% sensitive 
and 98.0% specific in latent class analysis compared to wet mount, 
culture, and a rapid antigen test [25]. The same processed urine 
specimen was used to detect jV. gonorrhoeae and C. trachomatis nucleic 
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acids using the FDA-cleared APTIMA Combo2 assay (Gen-Probe, 
Inc., San Diego, CA). 

To verify that specimen collection, mailing and processing 
procedures were acceptable for APTIMA testing, we spiked 
negative urine specimens (60 mL) in study containers with T 
vaginalis (n = 10) or GC (n = 12) at or near the limits of detection of 
the assays (10 trichomonads/mL and 250 GC colony-forming 
units/mL). APTIMA T vaginalis ASR results from these spiked 
specimens and 12 negative control urines that were mailed to the 
UNC Hospitals laboratory were similar to test results obtained 
from the same specimens prior to mailing. Quantitative assay 
outputs in relative light units were not statistically different, and 
qualitative (negative or positive) results were identical. 

Ethics statement 

Participants in the telephone survey provided oral consent. 
Minors aged 15-17 years were recruited with parental/guardian 
permission and minor assent; parents were informed that their 
child's survey and test results were confidential and that they 
would not be shared with parents. Respondents who agreed to 
provide a specimen for STI testing were mailed a collection kit (a 
maximum of three days after the T-ACASI interview) with 
instructions and a consent form. Only specimens submitted to the 
laboratory with a signed consent form were tested. All study 
procedures - including the foregoing consent procedures - were 
approved by the Institutional Review Boards (IRBs) of Research 
Triangle Institute, the University of North Carolina at Chapel 
Hill, the University of Massachusetts-Boston, and the Johns 
Hopkins Medical Institutions. 

Data Access 

The data required to replicate our substantive analyses will be 
available to authorized researchers under a restricted data use 
agreement with the Inter-University Consortium for Political and 
Social Research (ICPSR) at the University of Michigan. Because 
of the sensitive nature of these data and the risk of deductive 
disclosure of respondents' identity, researchers must agree to the 
ICPSR's terms of use which require, in part, compliance with the 
repository's access regulations and codes of scientific conduct. 

Sample Weighting 

Two sets of sample weights were constructed to adjust for the 
unequal probabilities of selection based on our stratified sample 
design and survey nonresponse. Initial weights were developed 
reflecting the inverse probability of selection within each stratum 
with adjustments for the differing probabilities of selection within 
households, the number of landline telephones within the 
household, and survey nonresponse. A post-stratification adjust- 
ment was applied to align the sample distribution with the 2006- 
09 U.S. Census estimates of the Baltimore City population by age, 
gender, and race/ethnicity [26]. A second set of weights was 
constructed to compensate for additional dilferences in the 
provision of a urine specimen for STI testing among respondents 
who completed the survey interview. 

Statistical Analyses 

Survey estimates of infection prevalence by gender and race/ 
ethnicity were derived using the sample weights described above. 
Estimated prevalence rates are period rates and represent 
estimates of infection detected during the 33-month study period. 
Odds ratios for associations of demographic and behavioral 
characteristics of respondents with infection status by sex were 
estimated using logistic regression. Adjusted odds ratios were 



calculated from multivariable logistic regression models controlling 
for the effects of race/ ethnicity, age, and marital status. Models 
were estimated separately for men and women. All statistical 
analyses accounted for the complex sample design of the MSSP 
using the svy algorithms of Stata, version 12 [27]. 

Multiple Imputation for Missing Specimens and Survey 
Data 

Multiple imputation models using chained equations (MICE) 
were used to impute the substantial number of missing TV 
infection tests (n = 816) and education measurements (n= 777) 
plus a small number of missing observations for some demograph- 
ic variables. [The education variable was missing in 777 cases 
because the question - "highest grade completed" - was not asked 
(nor was it meaningful) for many respondents under age 20.] 
Predictor variables used in MICE imputations included age, 
education, four race-and-gender combinations (Black Female, 
Black Male, NonBlack Female, and NonBlack Male), STI 
symptoms in past 3 months (dysuria and discharge), plus 1 1 other 
sexual behavior and technical variables. Logit models were used 
for all imputations except education for which we used an ordered 
logit model. Using the chained equation multiple imputation 
procedure we generated 60 sets of imputed data after a burn-in 
period of 100 iterations. 

Results 

Survey execution 

A sample of 73,318 telephone numbers was released over the 
survey period. 48,136 (65.6%) of these numbers were non- 
residential (out of service numbers, business telephones, faxes, 
etc.), 20,435 (27.9%) were residential, and the status of 4,747 
(6.5%) numbers was undetermined after repeated attempts. Of the 
residential numbers, 14,199 (69.5%) were screened and 4998 
included one or more eligible household members aged 15 to 35 
years. Interviews were completed with 2,936 (58.7%) eligible 
respondents and 2,136 (72.8%) mailed in specimens for testing. 

Estimated prevalence of trichomoniasis 

The estimated prevalence of trichomoniasis was 7.5% (95% CI 
6.2, 9.1; Table 1, Left Panel). Accounting for missing specimens 
with multiple imputation, the prevalence estimate was 7.4% (95% 
CI 6.0, 8.9), virtually equivalent to that obtained from the tested 
specimens alone. Similarly equivalent results were obtained for 
subpopulations defined by race and gender (Table 1, Right Panel). 
Given these results, our subsequent analyses only present estimates 
derived from participants providing specimens for testing. 

Subpopulation variations in trichomoniasis prevalence 

Nearly one in six Black females tested positive for trichomoniasis 
(16.1%, 95% CI 13.0, 19.8). Estimates were significantly lower 
among other racial/ethnic and gender subgroups (Table 1). 
Overall, women were more likely than men to be infected (1 1.8% 
vs 2.9%, OR = 4.4, 95% CI 2.4, 8.3) and estimates of infection 
were significandy higher among Black compared to non-Black 
men and women in both unadjusted and adjusted analyses 
(Table 2). Age was not associated with trichomoniasis among men 
or women when treated as a categorical variable in unadjusted or 
adjusted analyses. 

Figure 1 shows the association of trichomoniasis with age using 
fractional polynomial plots for men and women. No association 
was observed for males, but females show a seemingly curvilinear 
relationship between age and infection prevalence that peaks at 
approximately age 21. This relationship is not, however, 
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Table 1. Estimated prevalence 


of T. vaginalis infection 


by race/ethnicity and gender. 








UDjCKVCU /. Vaginalis 




OBSERVED + IMPUTED T. vaginalis 


Race/ethnicity (al 


% (95% CI) 


Base N 


% (95% CI) 


Base N 


Black Female 


16.1 (13.0, 19.8) 


845 


16.0 (12.7, 19.2) 


1,159 


Black Male 


5.0 (2.8, 8.8) 


454 


4.8 (2.1, 7.5) 


625 


Non-Black Female 


4.1 (2.3, 7.0) 


477 


4.2 (1 .9, 6.6) 


684 


Non-Black Male 


0.2 (0.0, 1 .0) 


344 


0.4 (0.0, 1 .4) 


468 


TOTAL 


7.5 (6.2, 9.1) 


2,120 


7.4 (6.0, 8.9) 


2,936 



Results from the 2006-09 Monitoring STIs Survey Program (MSSP). "Observed" estimates use only data from respondents who provided biospecimens for testing. All 
estimates are weighted to account for differing probabilities of selection and post-stratification adjustment to match Census marginals for Baltimore, Maryland (see 
text). "Observed + Imputed" estimates include multiply imputed data for respondents with missing biospecimens or other missing data (see text). All base Ns are 
unweighted. Confidence intervals (CI) were calculated using statistical algorithms that take account of the complex sample design used in the surveys. Confidence 
intervals for "observed + Imputed" estimates also take account of the impact of imputation of missing data on variance of prevalence estimates. 
(a) Persons describing themselves as Hispanic are coded as Non-Black. 
doi:1 0.1 371 /joumal.pone.0090548.t001 



statistically significant. Logistic regression models including linear, 
quadratic, and cubic age variables as predictors of the odds of 
infection for females had p values of 0.256 or higher. 

Unmarried men and women were more likely to have 
trichomoniasis than married persons, but these effects were 
diminished in adjusted analyses (Table 2). Among women, but 
not men, having less than a high school education was associated 
with infection (OR = 3.3, 95% CI 1,8, 6.1) and the association 
remained after adjusting for race, age, and marital status (adj 
OR= 2.2, 95% CI 1.2, 4.3). Part-time employment was associated 
with infection among men (adj OR= 10.3, 95% CI 1.4, 77.2), but 
there was no association between any employment status and 
infection prevalence for women {p = 0.154). 

In considering our results for males, it should be noted that 
detection of subpopulation variation in trichomoniasis infection 
among men is compromised by their low rate of observed infection 
(2.9%, 95% CI 1.7, 5.1). This results in low statistical power and 
large standard errors for estimates of infection prevalence among 
subpopulations men. 

Variation by sexual and social behaviors 

The number of recent sexual partners was significantly 
associated with the likelihood of infection among women but not 
men (Table 3). Women reporting two or more partners in the past 
year were more likely than women with fewer partners to test 
positive for trichomoniasis (OR = 2.8, 95% CI 1 .8, 4.5). The effect 
was attenuated somewhat after adjusting for race /ethnicity, age, 
sex, and marital status but remained statistically significant (adj 
OR= 2.1, 95% CI 1.3, 3.5). Men and women who reported both 
opposite and same gender lifetime sex partners were more likely to 
test positive for trichomoniasis. The effects were weakened after 
adjusting for race/ethnicity, age, and marital status although the 
result for females had borderline statistical significance (adj 
OR=1.8, 95% CI 1.0, 3.3). The prevalence of trichomoniasis 
was significantly higher among women (OR= 1.8, 95% CI 1.1, 
2.9) and men (OR = 4.7, 95% CI 1.5, 15.2) who reported having a 
new sex partner in the past three months. After adjustment for 
demographic characteristics, these effects decreased and were no 
longer statistically significant for females (adj OR= 1.5, 95% CI 
0.9, 2.5) but they were significant for males (adj OR = 3. 1 , 95% CI 
1.1,9.0). 

Women, but not men, with a history of personal or partner 
incarceration were more likely to have trichomoniasis (OR = 2.7, 
95% CI 1.7, 4.3) and the association remained significant after 



adjustment (adj OR =2.0, 95% CI = 1.2, 3.4). A formal test for 
gender interaction does not reject the null hypothesis that the 
pattern of association between incarceration and infection 
prevalence was equivalent for males and female (/)>0.50). 

Women with a self-reported history of STIs (OR= 1.9, 95% CI 
1.2, 3.0) or a previous diagnosis with trichomoniasis (OR =2.1, 
95% CI 1.2, 3.5) were more likely to have trichomoniasis although 
the effects did not persist after adjustment (Table 4). Infection with 
trichomoniasis was not associated with recent antibiotic use in our 
sample, although men who reported a health care visit in the past 
three months were significantly less likely to test positive for 
trichomoniasis (adj OR = 0.3, 95% CI 0.1, 1.0). 

Co-morbidity with chlamydial infection 

Both women and men who had a current chlamydial infection 
were much more likely to also have trichomoniasis. Among 
women, 31% of those with chlamydial infection also had a 
trichomoniasis infection compared to 11.1% of women with no 
chlamydial infection (OR=3.6, 95% CI 1.6, 8.2). Similarly for 
men, 17.1% of those with an undiagnosed chlamydial infection 
also had undiagnosed trichomoniasis compared to 2.3% of other 
men (OR = 9.0, 95% CI 1.8, 44.3). These effects persisted after 
adjusting for race, age, and marital status (adj OR= 2.8, 95% CI 
1.2, 6.3 for women, and OR = 5.3, 95% CI 1.1, 26.6 for men). 

Gender Interactions 

We had anticipated that there would be many associations 
between infection prevalence and respondents' characteristics that 
would vary significantly by gender. However, none of the tests for 
gender by sociodemographic variable interaction were significant 
at the 0.05 level (Table 2). We also found only one significant 
gender interaction for respondent sexual or health behavioral 
characteristics (p = 0.049) — for presence of symptoms in the past 
3 months (Table 4). Women reporting symptoms in the past three 
months were more likely than other women to have trichomoniasis 
(19.7% vs. 10.2%, adj OR=2.0, 95% CI 1.2, 3.5) while for men 
the reverse was true but not statistically significant (0.8% vs. 3.0%, 
adj OR = 0.3, 95% CI 0.0, 2.3). 

Symptomatic and asymptomatic trichomoniasis 

Only one of 1 8 men (unweighted) with trichomoniasis reported 
symptoms in the past three months. Most men (94.2%) and 
women (84. 1 %) reported neither discharge nor dysuria in the three 
months prior to the survey (Table 5). Furthermore, most 
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Figure 1 . Fractional polynomial fit of age to the probability of undiagnosed infection with Trichomonas vaginalis (TV) for men and 
women. (Predicted TV prevalence and 95% CI calculated using data from 2006-2009 Monitoring STIs Survey Program; see Text S4 for additional 
details.) 

doi:1 0.1 371 /journal.pone.0090548.g001 



participants with undiagnosed infections were asymptomatic. Of 
persons with trichomoniasis, 98.5% of men (95% CI: 89.1, 99.8) 
and 73.3% of women (95% CI 62.6, 82.0) reported neither dysuria 
nor discharge in the three months prior to the survey. 

Discussion 

The MSSP was designed to monitor the prevalence of 
trichomoniasis and other STIs in a population typically identified 
as being at high risk of sexually transmitted infections - young 
adults residing in an urban center with high rates of diagnosed 
STIs and HIV. In this population, female gender, Black race, and 
having less than a high school education were significandy 
associated with likelihood of trichomoniasis. Estimates of infection 
were particularly troublesome among Black women. Our results 
suggest that routine screening should be considered to prevent the 
morbidity associated with trichomoniasis in populations at 
elevated risk of infection, including sexually active young women 
in Baltimore and similar venues [1,28-30]. 

Trichomoniasis poses two major difficulties for public health 
strategies that seek to contain the disease in the general 
population. First, unlike other STIs such as chlamydial infection, 
trichomoniasis was not consistendy observed in a particular age 
group. We found no association between age and infection 
prevalence across the age range 15 to 35 for either women or men. 
Second, the overwhelming majority of infections were asymptom- 
atic and symptoms were common among uninfected persons. The 
latter finding renders self-referral for treatment ineffective as a 
strategy for controlling trichomoniasis in the general population. 
Population screening is a logical alternative, but the lack of an 
association with age in the age group studied implies that 
screening may not be effectively targeted on a narrow age range, 
e.g., adolescents and young adults. 

Among women, multiple sexual partners, experiences of forced 
sex, a history of self or partner incarceration, and concomitant 
chlamydial infection were risk markers for prevalent trichomoni- 
asis. Among men, current chlamydial infection and new sex 
partners remained significantly associated with trichomoniasis in 
multivariable analyses while recent doctor or clinic visits were 



associated with a lower prevalence of infection. (Smaller sample 
sizes may have limited our ability to detect associations with other 
characteristics among men.) 

These results are consistent with findings from other large-scale 
population-based surveys. The Wave III Add Health study 
observed substantial overlap of trichomoniasis with chlamydial 
infection, although the effects were most pronounced among 
women [11]. Among women in the 2001-04 NHANES, 
prevalence of chlamydial infection was higher among women 
under 26 years of age with trichomoniasis. They observed no 
differences among older women. 

Study Limitations 

Our results should be interpreted with awareness of the 
limitations of our research. The first limitation arises from the locale 
of our research. This research studied the adolescent and young 
adult population of the city of Baltimore, MD. Numerous studies 
have demonstrated that Baltimore city has a high incidence of 
both diagnosed STIs [3 1] and undiagnosed STIs that persist in this 
population [14]. While results from this venue may generalize to 
other urban locales with similar characteristics, it is unlikely that 
our findings will generalize to non-urban populations with a low 
incidence of diagnosed STIs and a low prevalence of undiagnosed 
STIs. 

The second limitation arises from the substantial level of non- 
response to the telephone survey including a greater proportion of 
females than males who responded to the survey and to the 
subsequent request for biospecimens for STI assay. Following 
typical survey practice, we used poststratification weights to align 
our survey samples to the demographic composition of the 
Baltimore population, and we employed covariate adjustments for 
gender, age, race, and marital status to provide further control in 
our statistical analyses. It should be recognized, however, that 
neither poststratification weights nor the covariate adjustments 
employed in our statistical analyses can guarantee sample 
equivalence. 

The non-response problem in telephone surveys is a well 
recognized and growing problem. The MSSP did much better 
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Table 5. Presence and absence of reported symptoms by gender and infection with trichomoniasis. 





SYMPTOMS" 




NO SYMPTOMS 3 




GENDER and INFECTION STATUS 


% (95% CI) 


Base N 


% (95% CI) 


Base N 


WOMEN 


15.9 (13.6, 18.5) 


224 


84.1 (81.5, 86.4) 


1,097 


With trichomoniasis 


26.7 (18.1, 37.4) 


37 


73.3 (62.6, 82.0) 


101 


No trichomoniasis 


14.4 (12.1, 17.0) 


187 


85.6 (82.9, 87.8) 


996 


MEN 


5.8 (4.2, 8.1) 


49 


94.2 (92.0, 95.8) 


749 


With trichomoniasis 


1.6 (0.0, 10.9) 


1 


98.5 (89.1, 99.8) 


17 


No trichomoniasis 


6.0 (4.3, 8.3) 


48 


94.1 (91.7, 95.8) 


732 



All estimates are weighted to account for differing probabilities of selection and post-stratification adjustment to match Census (ACS) marginals for Baltimore, Maryland 
(see text); all base Ns are unweighted. Confidence intervals (CI) were calculated using statistical algorithms that take account of the complex sample design used in the 
MSSP surveys. 

a Symptoms are dysuria (burning on urination) and discharge in the three months preceding the survey. Subjects were coded positive for symptoms if they reported 

either or both symptoms. 

doi:1 0.1 371 /journal.pone.0090548.t005 



than many telephone surveys in obtaining household and 
respondent cooperation. (Survey screening was completed with 
69.5% of households identified as residential, and interviews were 
completed with 58.7% of screened respondents who were 
identified as eligible for interview.) While MSSP may have done 
better than the average telephone survey [32], there is ample room 
for concern that non-response bias may distort our results. The 
available evidence suggests that the impact of this non-response 
may be less substantial than one might fear [32,33]. However, we 
cannot know with certainty what impact this non-response would 
have for the findings of the MSSP. 

The third limitation arises from the fact that only 2,136 of 2,936 
(72.8%) of survey respondents provided biospecimens for STI 
testing. Multiple imputation suggests that this biospecimen non- 
response had a trivial impact on STI prevalence (see Table 1). A 
similar conclusion was reached regarding STI biospecimen non- 
response in a national survey of adolescent males [34] and an 
earlier in-person study of Baltimore adults [14]. We cannot, 
nonetheless, be certain that biospecimen non-response does not 
affect our conclusions. 

Conclusion 

Data from the MSSP confirm findings from other population- 
based and clinical studies that suggest trichomoniasis is highly 
prevalent in the general population — particularly among Black 
women. Vigorous public health interventions to reduce this 
prevalence and to potentially avoid the complications associated 
with infection are clearly warranted. The MSSP research model 
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